Rheumatoid and juvenile idiopathic arthritis (RA, JIA) are chronic inflammatory arthropathies with an autoimmune background. The cytotoxic T-lymphocyte antigen-4 (CTLA-4) protein plays a key role in the down-regulation of T cell activation.
Chronic inflammatory arthropathies such as adult rheumatoid arthritis (RA) and the juvenile form -juvenile idiopathic arthritis (JIA) -are believed to be multifactorial diseases characterized by activation and synovial infiltration of immune cells such as macrophages and lymphocytes that are aimed primarily at the joints (Feldmann et al., 1996) . Even though these autoimmune conditions share many similarities, RA and JIA are distinctly different from one another (Grom et al., 1994) . The prevalence of RA in Ireland has been estimated to be 5/1000 (Power et al., 1999) . The major hallmark of RA consists of chronic symmetrical joint inflammation with typical autoimmune features, while JIA is a collection of childhood inflammatory arthropathies all having arthritis as a common determinant. Patients with 4 or less joints affected are classified as having pauciarticular disease while patients with more than 5 affected joints are classified as having polyarticular disease.
Evidence suggests that both RA and JIA are influenced by both multiple genetic and yet-to-be identified environmental factors. The sibling risk ratio for a full sibling of a patient is estimated to be 15 for JIA (Glass and Giannini, 1999) and 8 for RA (Risch, 1987) . Familial aggregation of clinical features supports a genetic background in both RA and JIA . Several genome-wide scans have consistently associated the HLA region to both diseases in many populations (Osorio Y Fortea et al., 2004; Eyre et al., 2004; Thompson et al., 2004; Jawaheer et al., 2001 ). However, genes in the HLA region are thought to account for not more than a fraction of the overall genetic component of these diseases, with multiple genes outside the HLA region contributing towards disease susceptibility in an additive manner (Ollier, 2004; Gregersen, 2003) .
It is known that T cells require two signals to be fully activated. The first signal is antigen-specific and arises from recognition of antigen bound to a major histocompatibility complex (MHC) molecule by the T cell receptor. The second is a co-stimulatory signal driven by interaction between a molecule, either CD80 or CD86 on the antigen presenting cell, with CD28 on the T cells. This co-stimulation signal can be inhibited by CTLA-4 which is also expressed on the surface of the T cells. This CTLA-4-ligand interaction contributes to maintaining tolerance to self-antigens by acting as a negative regulator of this second co-stimulatory signal as well as an inducer of clonal anergy (Oosterwegel et al., 1999) . CTLA-4 knockout animal models are known to develop severe autoimmune diseases (Waterhouse et al., 1995; Tivol et al., 1995) .
The CTLA-4 gene consists of 4 exons and has been mapped to chromosome 2q33.3 (Dariavach et al., 1988) . The four most frequently studied polymorphisms are a dinucleotide repeat in the 3V untranslated region, an A/G transition in exon 1 at position +49, a C/T transition in the À318 position of the promoter sequence and more recently a C/T transition within the 3V-untranslated region (Ueda et al., 2003) . The +49 A/G SNP leads to a transition from alanine to threonine amino acid substitution. It is the G allele of this SNP that has been found to be associated with predisposition to many autoimmune diseases. The CT60 A allele has been shown to be protective while the G allele increases susceptibility to several autoimmune diseases (Ueda et al., 2003) . The authors of the latter study also found the G allele of this SNP to be associated with lower mRNA levels of soluble CTLA-4 isoform, thus providing a rationale for a functional role in susceptibility to autoimmune diseases. Table 1 summarizes all the studies that have been done to date investigating the effects of CTLA-4 gene in RA (Cai et al., 2005; Lee et al., 2003; Rodríguez et al., 2002; Vaidya et al., 2002; Hadj Kacem et al., 2001; Yanagawa et al., 2000; Matsushita et al., 1999; Gonzalez-Escribano et al., 1999; Seidl et al., 1998; Orozco et al., 2004; Lee et al., 2002; Barton et al., 2000; Milicic et al., 2001) . Results have been conflicting with some studies hinting towards association with RA, while others claiming to find no association at all. So far, only one study has been done on JIA patients (Forre et al., 1997) where the authors found an association of the +49*G allele with early onset pauciarticular juvenile chronic arthritis with chronic iridocyclitis. In view of this ambiguity, we decided to investigate the effect of 2 single nucleotide polymorphisms (SNPs), the +49 A/G and CT60, in the CTLA-4 gene in susceptibility to RA and JIA patients in a population that has not yet been investigated before; i.e. a Northern Irish population. In this study, we specifically investigated the single-and two-marker haplotype association of the +49 A/G and CT60 SNPs.
Subjects and methods

Subjects
A total of 342 patients (289 with clinically definite RA and 72 with clinically definite JIA according to the ARA and ILAR criteria (Arnett et al., 1988; Petty et al., 1998) ) and 2 sets of controls were used in this study. All patients and controls were of Northern Irish descent. Patients were recruited from the Musgrave Park Hospital and Belfast City Hospital, Northern Ireland. The first group of controls consisted of 168 unrelated healthy blood donors Table 1 Published association studies on CTLA-4 in RA
Association
Ethnicity Study size Polymorphism(s) studied Major findings Cai et al. (2005) China 326 RA vs. 250 C +49 A/G CT60 +49*G allele and CT60*G allele associated with RA (P = 0.028 and P = 0.007, respectively). Haplotypes +49*G-CT60*G and +49*A-CT60*G were associated with disease (P = 0.0015 and P = 0.0425, respectively). Lee et al. (2003) Taiwan 186 Abbreviations used: RA = rheumatoid arthritis, C = healthy controls.
Positive
while the second set of controls included 307 unrelated healthy children aged 12 to 15 who were selected from a random sample of Northern Ireland schools (McCormack et al., 2001 ). All patients were assessed by a rheumatologist and fulfilled the American College of Rheumatology criteria for RA (Arnett et al., 1988; Petty et al., 1998; Wood, 1978) . Patients were included in the study after giving written informed consent. In the case of the JIA patients, written informed consent was obtained from their legal next-of-kin. This study was approved by the Research Ethics Committee of Queen's University Belfast.
Genotyping
Genotypes of the +49 A/G and CT60 polymorphisms were determined by PCR-restriction fragment length polymorphisms (PCR-RFLP) as described elsewhere (Suppiah et al., 2005) .
Statistical analysis
Chi-squared analysis of genotype, allele and carrier counts was performed for RA patients, JIA patients and healthy controls, as well as for comparison of all patients against controls by means of the SPSS statistical package (SPSS, Chicago, IL, USA). Haplotype frequencies for the RA and JIA patients and controls were obtained with Arlequin while comparison of haplotypes was performed using the EHPlus program (Zhao and Sham, 2002) and P values are based on 10,000 permutations. Each SNP was tested for deviation from Hardy -Weinberg equilibrium using the Arlequin program version 2.0, which was also used to test for evidence of linkage disequilibrium between the two polymorphisms. Power calculation was performed at (http://www.calculators. stat.ucla.edu/). Probability (P) values less than or equal to 0.05 were considered to be statistically significant.
Results
The +49 A/G polymorphism in the CTLA-4 gene was in first instance genotyped in the full sample of 289 RA and 72 JIA patients, and in the healthy controls of Group 1 (Table 3) . Initial comparison showed an increased frequency of the +49 A/G*A allele in the RA group (data not shown). As the majority of studies reporting disease association with this SNP hint towards increased frequency of the G allele (Cai et al., 2005; Lee et al., 2003; Vaidya et al., 2002; Yanagawa et al., 2000; Matsushita et al., 1999; Gonzalez-Escribano et al., 1999; Seidl et al., 1998) , we wondered whether the association seen in our study could be due to any idiosyncratic characteristics specific to this control population (168 healthy blood donors). Therefore, + 49 A/G distribution in a second, distinctive Northern Irish control population consisting of 307 Northern Irish 12 to 15-year-old school children was compared to that in Group 1. As shown in Table 2 , allele, phenotype and genotype frequencies did not differ between Group 1 and Group 2. Neither of both control populations deviated from HardyWeinberg equilibrium for this SNP (P > 0.05). Further comparisons were done with the combined control group of 475 individuals. Table 3 shows the results of the analysis for the +49 A/G SNP in the RA and JIA patient samples. Both individual phenotypes (rheumatoid arthritis and juvenile idiopathic arthritis) as well as the common phenotype (inflammatory arthropathies) were analyzed for association with variants in CTLA-4. The allele frequency of the A allele was significantly increased in RA patients (61.2 vs. 55.3% in controls; P = 0.022, OR = 1.28, 95% CI = 1.04 -1.58) and in the total arthritic patient group (61.4 vs. 55.3% in controls; P = 0.012, OR = 1.28, 95% CI = 1.06-1.56), and an identical, though non-significant, trend (61.8 vs. 55.3% in controls) was seen in the JIA patients. The number of homozygotes for the +49 A/ G*A allele was increased, and that for the *G allele decreased in RA compared to the controls (P = 0.02, OR = 0.60, CI = 0.39-0.92) as well as for the total arthritic patients group (P = 0.01, OR = 0.58, CI = 0.39 -0.88). Again, the JIA patients showed a similar trend (P = 0.121). Power was calculated to amount to 99.6% for RA patients and to 77.1% for JIA for detection of association of the + 49 A/G SNP at a significance level of 0.05 with a modest OR of 2.
The CT60 polymorphism was genotyped in the same set of patients and in the control population of Group 1. Similarly, the genotypes in the controls were in Hardy-Weinberg equilibrium (P > 0.5). The CT60 allele, phenotype and genotype frequencies did not differ significantly between RA and JIA patients and the controls (data not shown). Both the SNPs were in tight linkage disequilibrium (D' > 0.8) in both the Group 1 controls as well as in the two patient populations.
The results of haplotype analysis are shown in Table 4 . Markers were tested individually and subsequently as a pair. Of the 4 possible haplotypes, the +49A/G*G-CT60*A haplotype was not seen in either of the patient groups while it was present in the control population (4.2% in controls while 0% in both RA and JIA patients). The comparison of haplotypes using the EHPlus program showed a significant difference between the RA and JIA patients and the Group 1 controls (P < 0.00001 in RA, P = 0.030 in JIA and P < 0.00001 in the combined arthritic patients group).
Discussion
Eight out of 12 available studies have reported association of CTLA-4 polymorphisms with RA (Table 1 ). Prior to this study, the G allele of the +49 A/G SNP was found to be associated with RA on seven occasions in five different ethnic populations (Cai et al., 2005; Lee et al., 2003; Vaidya et present study done in RA and JIA patients from a homogenous Northern Irish population reveals a unique, though relatively weak, association of the +49 A allele that has not been shown before in RA and JIA patients of other ethnic groups. To validate that the association of the +49 A allele with RA and JIA was not due to any peculiarities specific to the control group of healthy blood donors used, we genotyped a second control population consisting of healthy children of Northern Irish origin. This would ascertain that the control populations reflect the true genotypic distribution of this polymorphism. Interestingly, allele distribution in the second control population was not statistically different from that in the first control group. Our data therefore prove that the A allele of the CTLA-4 + 49 A/G SNP may de facto be associated with RA, and specifically, that GG homozygotes are under-represented and AA homozygotes over-represented in Northern Irish RA patients and total arthritic patients. This distortion in the distribution of the homozygotes in the RA patients and total arthritic patients was statistically significant, but did not reach statistical significance in the JIA patients even though there was 77.1% power to detect an association at the 0.05 level of significance in the JIA patients.
Association of the +49 A allele with inflammatory disorders has been shown also in independent studies involving Swedish (Torinsson Naluai et al., 2000) and French (Djilali-Saiah et al., 1998) patients with celiac disease, as well as in a small group of MS patients (Waliszewska et al., 2002 ). An explanation could reside in the notion of the +49 A/G SNP being in linkage disequilibrium with an as yet to be uncovered functional polymorphism. Due to factors specific to certain populations including restricted immigration over time due to geographical isolation, founder effects, population history including recombination and natural selection events, then, the +49 A/G*A allele may have become Flinked_ to the actual diseasepredisposing SNP, thus materializing as a unique marker for disease predisposition in autoimmune disorders in this population. Interaction of marker allele frequencies and disease heterogeneity could also play a role in explaining why an association to the G allele has not been replicated in our, and neither in other (Torinsson Naluai et al., 2000; Djilali-Saiah et al., 1998; Waliszewska et al., 2002) , patient groups. Ueda et al. (2003) recently identified the CT60 polymorphism as being the one in the CTLA4 region most strongly associated with autoimmune disease, and showed the +49A/ G*G-CT60*G haplotype to be associated with susceptibility to autoimmunity. We did not replicate these findings (Ueda et al., 2003) . However, we demonstrated that +49A/G-CT60 haplotype distribution is significantly different between RA or JIA patients, and controls, reinforcing a role for CTLA-4 in autoimmunity.
In recent years, the therapeutic potential of CTLA-4 has been investigated in both animal models and in clinical trials in patients with rheumatoid arthritis. A bio-drug composed of human CTLA-4 fused to the constant region of IgG1 has been used and found to be effective in preventing or treating disease by blocking T cell activation (Takahashi et al., 2005; Kremer et al., 2003; Moreland et al., 2002; Quattrocchi et al., 2000) . With a future pharmacogenetic application in mind, our study may raise a set of challenges regarding the feasibility of tailoring CTLA-4-based drugs to patients on the basis of their genetic CTLA4 profiles. As already mentioned earlier in the discussion, it is common to see the G allele of the +49 A/G SNP to be associated with autoimmune diseases. However, in our population, it was the A allele that was found to be associated with RA and JIA. Thus, it would be of relevance to investigate if this, or any other polymorphism(s), is involved in the way the patients respond to such drugs.
